INTRODUCTION
The predominant hemoglobin during human gestation is fetal hemoglobin (HbF, a2Y2)> a protein consisting of two y chains, G y and \, differing by one ami no acid at position 136 (gly-^ala). After birth, there is a dramatic switch from the production of HbF to adult hemoglobin (HbA, 11262)• Hemoglobin A£, (HbA2,a2i52)» a minor corrponent.is the other hemoglobin in adult blood. Individuals affected by the 8 thalassemia syndromes, a group of anemias of man, show a marked decrease or a total absence of 6 globin chain production with an increase in Y globin. In the severe form of these disorders, y globin expression, although increased, does not compensate for the deficiency of 0 globin chains, and severe anemia results. However, in some rarer forms of these disorders, y globin synthesis can fully compensate for the absence of 6 chains and eliminate the pathological effects of decreased or absent S globin production (1). With this in mind, studies of the structure of the y globin genes may provide Important insights into the mechanisms by which y globin gene expression is regulated, and may lead to new approaches to ameliorating the anemia of thalassemia. By cell fusion and molecular hybridization studies 1t has been shown that T-6-B genes are linked together on chromosome 11 (2) . Recently, application of restriction enzyme analysis using the Southern technique has allowed several groups to define in detail the restriction map of the globin genes from cellular DMA of normal and thalassemic individuals, and to correlate deletions in the region of the S genes with the extent of y chain compensation 1n certain disorders (3-6).
The feasibility of Isolating unique genes from unfractionated cellular DMA by cloning in phage vectors has permitted us to obtain direct evidence for the linkage of the two human y globin genes in a manner analgous to that already demonstrated for the human 6 and B globin genes (7, 8) . In this paper we report the isolation and characterization of three clones (NY 1, NY 2, and NY 3), each containing two y genes on the same DNA fragment in this order: 
MATERIALS AND METHODS
a. Construction of a Human Gene Library: A human gene library was constructed by partially digesting cellular DNA from a patient with B thalassemia with Eco RI and isolating 15-20 kb DNA fragments. These fragments were ligated to charon 4A DNA and re-1nfected into E. Coli (7, 8) . The library was screened with a, B and y globin cDNA probes. JH 101, 102, and 151 were kindly provided by Dr. John Wilson (9) . The clones described in this paper all hybridized to y cDNA and not to B cDNA. No clones were found containing both y-and B-like genes. Screening and purification of the clones was accomplished as described previously (7, 8) .
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Purified y gene-containing clones were grown in a P. facility as required by the Recombinant DNA Guidelines of the NIH.
b. Restriction Endonuclease Analysis of Cloned DNA:
Agarose gels 0.7 to 1.22 were used to separate restricted DNA fragments. Restriction enzymes were obtained largely from New England Biolabs. Partial digests were avoided by adding 2-3 fold excess of enzyme over that required to completely digest similar amounts of A DNA. A Hind III digest of x DNA was used as markers for measuring DNA fragment sizes. Transfer of DNA gels to nitrocellulose filters, hybridization, washing, and radioautographic analysis of filters were as described (4) . y cDNA was prepared by digesting the JW151 plasmid clone with Hhal and separating the 1.6 kb fragment containing the y globin sequences on a 7.5 -25* sucrose gradient 1n 50mM Tr1s pH 7.4, 0.15M NaCl, 3mM EDTA by centrifugation at 4°C for 20 hrs at 39,000 rpm in a SW41 rotor. To prepare specific 5' and 3 1 end y probes (5'), ( 3 1 ) the JW151 plasmid clone was digested with Bam HI which cuts the y cDNA at position 100. Two fragments 5.0 kb, and 0.9 kb 1n length were isolated on sucrose gradients. The 0.9 kb fragment was then characterized as being the 3 1 end probe because 1t was shortened by subsequent digestion with Eco RI which cuts the y cDNA at codon 120.
For the preparation of the intron probe clone Hs 51.1 (a gift from Dr. Blattner) was first digested with Eco RI. This clone has been A shown to contain a 2.6 kb Eco RI fragment of the y gene including Its Intervening sequence (8). This intron, 1.0 kb 1n length, was Isolated by sucrose gradient centrifugation, rediaested with Bam HI and repurified on a second sucrose gradient. All the probes were labelled by nick translation Q as described (11) to a specific activity of 2-4 x 10 cpm/pg. c. Restriction Endonuclease Analysis of Cellular DNA High molecular weight cellular DNA was extracted as previously described 4,5) from Epstein-Barr virus-transformed lymphocyte cell lines and spleen and white blood cell DNA of individuals without thalassemia as well as from those homozygous for hemoglobin Lepore,66 thalassemia, hereditary persistence of fetal hemoglobin (HPFH), and 6 + and B° thalassemia. The DNA was digested, subjected to agarose gel electrophoresis, transferred to nitrocellulose filters, and hybridized as previously described (4,5) to 32 P labelled y cDNA probe (JW151). (Fig. 3,5) . Another fragment, 1.5 kb in size, generated by both Eco RI alone and by Eco RI/Bam HI, hybridizes to the 3' end y cDNA probe, and is consistent with this being the 3' end of the leftward most gene (Fig. 5) . The remainder of the 5.1 kb fragment consists of the 0.75 kb Eco RI fragment, which does not hybridize to y cDNA, and must be an intragenic sequence ( Figure 5) , and an intron of 0.85 kb, which is known to be present within the 5.1 kb fragment (Table III & Fig. 3,6) . Thus, the 5. To further establish the horology of the y and y intron sequences, we utilized a previously described method, which has been shown to melt out partial hybrids by sequential washes of the nitrocellulose filters with decreasing salt (14) . Nitrocellulose strips containing NY 1 cloned DNA digested with Eco RI were prepared, hybridized to y intron probe and then washed sequentially with decreasing salt (Figure 7) . The hybrids are very stable; the probe hybridized intensely to the 2.5 kb Eco RI fragment of the Y gene as well as to the 6.2 kb fragment from the y gene even at very high stringency, Indicating that the two introns are very closely related, if not identical. This is the first direct evidence of linkage of the two human y genes on a single DNA fragment. The map does not vary significantly from those generated, using restriction enzyme analysis of cellular DNA (6, 12, 13, 15) .
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The present studies also extend the gene map of y fragments 2.8 kb from the A G 3' end of the y gene and 6.6 kb from the 5' end of the y gene; the embryonic gene(s) may be found in this latter region. Subclones generated from our y clones should provide suitable probes for exploring this possibility, as well as for further defining the sequences within and flanking the y globin genes, by direct nucleotide sequencing.
